Abstract: Two novel series of diaryl urea derivatives 5a-i and 13a-l were synthesized and evaluated for their cytotoxicity against H-460, HT-29, A549, and MDA-MB-231 cancer cell lines in vitro. Therein, 4-aminoquinazolinyl-diaryl urea derivatives 5a-i demonstrated significant activity, and seven of them are more active than sorafenib, with IC 50 values ranging from 0.089 to 5.46 µM. Especially, compound 5a exhibited the most active potency both in cellular (IC 50 = 0.15, 0.089, 0.36, and 0.75 µM, respectively) and enzymatic assay (IC 50 = 56 nM against EGFR), representing a promising lead for further optimization.
Introduction
Recently, small molecular multiple targeted drugs have played a crucial role in cancer therapy due to their high efficiency and low toxicity. Diaryl urea derivative sorafenib [1] , the first oral multikinase inhibitor targeted Raf and receptor tyrosine kinases (RTKs), has been applied for the treatment of advanced renal cell carcinoma (RCC) [2] , unresectable hepatocellular carcinoma (HCC) [3] , and differentiated thyroid carcinoma (DTC) [4] . It is reported that the lipophilic diaryl urea moiety served as a key structural fragment for binding with the hydrophobic pocket of the kinase domain through hydrogen bonds and hydrophobic interactions [5] . Subsequently, diverse diaryl urea derivatives were developed successively in the past decades, such as linifanib [6] , tivozanib [7] , and ki8751 [8] ( Figure 1 ). Therein, thieno [3,2-d] pyrimidine derivative S1 bearing diaryl urea moieties at the C-2 positon exhibited significant inhibition of tyrosine kinases, including c-Kit, orphan receptor tyrosine kinase (RET), and FLT3 for its prominent framework [9] . Similarly, the 4-aminoquinazolinyl skeleton, which competitively binds to the ATP binding pocket of intracellular kinase domains and blocks the conduction of downstream signaling networks mediated by tyrosine kinase, is also extensively used in the design of RTKs inhibitors (e.g., gefitinib, erlotinib and S2) [10, 11] .
In light of the abovementioned considerations, and as ongoing efforts to identify new potent antitumor agents, a novel series of 4-aminoquinazolinyl-diaryl urea derivatives 5a-i were designed according to bioisosterism theory to achieve synergistic antitumor effects ( Figure 2 ). In addition, a variety of substituents and aliphatic amino were introduced into the terminal phenyl group and C-4 position on the quinazoline ring to explore the influence of electronic and effect. Furthermore, another novel series of diaryl urea derivatives 13a-l bearing a 5-pyridyl-4-aminopyrimidinyl motif were designed based on scaffold hopping principle, in the hope of attaining structural diversity and optimal cellular potency via improving water solubility. All compounds were synthesized and evaluated for their cytotoxicity against HT-29, H-460, A549, and MDA-MB-231 cancer cell lines. Additionally, enzymatic assay of the most active compound 5a was also presented in this study. 
Results and Discussion

Chemistry
The synthesis of target compounds 5a-i is depicted in Scheme 1. The synthesis of intermediates 3a-b have been described in detail in our previous work [12] , so the synthetic method is not listed here. [12] . A Suzuki reaction of 3a,b with commercially available 4-aminophenylboronic acid pinacol ester under nitrogen protection provided the key intermediates 4a,b [13] . A series of substituted aromatic isocyanates 6 and isothiocynates 7 were subsequently prepared by treating the corresponding arylamine with triphosgene (BTC) or 1,4-diazabicyclo[2.2.2]octane (DABCO) without further purification [14, 15] . Eventually, target compounds 5a-i were successfully obtained via the reaction of 4a,b with corresponding 6 or 7 in THF at 30 °C, respectively. effect. Furthermore, another novel series of diaryl urea derivatives 13a-l bearing a 5-pyridyl-4-aminopyrimidinyl motif were designed based on scaffold hopping principle, in the hope of attaining structural diversity and optimal cellular potency via improving water solubility. All compounds were synthesized and evaluated for their cytotoxicity against HT-29, H-460, A549, and MDA-MB-231 cancer cell lines. Additionally, enzymatic assay of the most active compound 5a was also presented in this study. 
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Biological Results and Discussion
For summarizing structure-activity relationships (SARs), all target compounds (5a-i and 13a-l) were evaluated for their cytotoxicity against HT-29 (human colon cancer), H-460 (human lung cancer), A549 (human lung cancer), and MDA-MB-231 (human breast cancer) cell lines by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, taking sorafenib as the positive control. The results expressed as IC 50 values (µM) are presented in Tables 1 and 2 . 
For summarizing structure-activity relationships (SARs), all target compounds (5a-i and 13a-l) were evaluated for their cytotoxicity against HT-29 (human colon cancer), H-460 (human lung cancer), A549 (human lung cancer), and MDA-MB-231 (human breast cancer) cell lines by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, taking sorafenib as the positive control. The results expressed as IC50 values (μM) are presented in Tables 1 and 2 . As shown in Table 1 , compounds 5a-i demonstrated excellent activity towards four tested cell lines with IC50 values ranging from 0.089 to 5.46 μM, and seven of them were more active against tested cell lines than the positive control sorafenib. It was noticeable that all compounds exhibited prominent cytotoxicity against HT-29 superior to sorafenib, reflecting good selectivity for colon cancer. In general, antitumor potency was related to the amino group R 1 on side chain, and dimethylamino was more effective than morpholinyl (5a vs. 5c, 5b vs. 5d, 5g vs. 5i), which might be due to its smaller bulk and stronger hydrophilia. Additionally, the substituent R 2 on the terminal phenyl ring exerted 2-Cl, 6-CH 3 0.15 ± 0.14 0.089 ± 0.11 0.36 ± 0.27 0.75 ± 0.65
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To further verify the optimized structural skeleton and explore the SARs, pharmacological data of compounds 13a-l bearing 4-aminopyrimidinyl moiety are illustrated in Table 2 . Unexpectedly, the results were unsatisfied although multiple hydrophilic modifications were performed by introducing pyridine group and further salifying with hydrochloride. The contrast of antitumor potency between 4-aminoquinazoline and 4-aminopyrimidine derivatives suggested that further structural modification might have broken the binding affinity to intracellular kinase domains or switched the binding affinity to other targets, while the 4-aminoquinazolinyl moiety was an excellent skeleton for EGFR inhibitors. The activity toward EGFR kinase of compound 5a was surprised with the IC 50 value of 56 nM, indicating that 4-aminoquinazolinyl-diaryl urea derivatives 5a-i were potent EGFR inhibitors (Table 3 ). Efforts to identify its mechanisms of action and further optimization are ongoing and will be reported in due course. 
Experimental Section
Chemistry
Melting points were obtained on a Büchi Melting Point B-540 apparatus (Büchi Labortechnik, Flawil, Switzerland) and were uncorrected. Mass spectra (MS) were taken in electrospray ionization (ESI) mode on an Agilent 1100 LC-MS (Agilent, Palo Alto, CA, USA). Proton (1H) nuclear magnetic resonance spectroscopy were performed using a Bruker ARX-300, 300 or 400 MHz spectrometers (Bruker Bioscience, Billerica, MA, USA) with tetramethylsilane (TMS) as an internal standard. Thin-layer chromatography (TLC) analysis was carried out on silica gel plates GF254 (Qingdao Haiyang Chemical, Qingdao, China). Unless otherwise noted, all common reagents and solvents were used as obtained from commercial suppliers without further purification.
General Procedure for Preparation of 2-(4-Aminophenyl)-4-aminoquinazolines (4a-b)
Dioxane (100 mL) was added to a solution of sodium carbonate (3.2 g, 0.03 mol) in water (25 mL). Under argon, 2-chloro-4-aminoquinazoline 3 (0.01 mol), 4-aminophenylboronic acid pinacol ester (2.4 g, 0.011 mol) and Pd(PPh 3 ) 2 Cl 2 (0.7 g, 1 mmol) were added to the mixture successively. After refluxing for 6 h, water (50 mL) was added to the reaction mixture. The mixture was extracted by dichloromethane (50 mL × 3). The organic phase was washed by brine (50 mL × 1), dried, and evaporated to yield 4a-b. 
Evaluation of the Biological Activity
The antitumor activity of compounds 5a-i and 13a-l was evaluated with HT-29, H-460, A549, and MDA-MB-231 by the MTT method in vitro, with sorafenib as positive control. The cancer cells were cultured in minimum essential medium (MEM) supplemented with 10% fetal bovine serum (FBS).
Approximately 4 × 10 3 cells, suspended in MEM medium, were plated onto each well of a 96-well plate and incubated in 5% CO 2 at 37 • C for 24 h. The test compounds were added to the culture medium at the indicated final concentrations and the cell cultures were continued for 72 h. Fresh MTT was added to each well at a final concentration of 5 µg/mL and incubated with cells at 37 • C for 4 h. The formazan crystals were dissolved in 100 µL DMSO per each well, and the absorbency at 492 nm (for the absorbance of MTT formazan) and 630 nm (for the reference wavelength) was measured with the ELISA reader. All of the compounds were tested twice in each of the cell lines. The results expressed as IC 50 (inhibitory concentration of 50%) were the averages of two determinations and were calculated by using the Bacus Laboratories Incorporated Slide Scanner (Bliss) software.
EGFR and VEGFR2/KDR Kinases Assay In Vitro
The target compound 5a was tested for its activity against EGFR and VEGFR2/KDR kinases through the mobility shift assay. All kinase assays were performed in 96-well plates in a 50 µL reaction volume. The kinase buffer contains 50 mM HEPES, pH 7.5, 10 mM MgCl 2 , 0.0015% Brij-35 and 2 mM DTT. The stop buffer contains 100 mM HEPES, pH 7.5, 0.015% Brij-35, 0.2% Coating Reagent #3, and 50 mM ethylene diamine tetraacetic acid (EDTA). Compounds were diluted to 500 µM by 100% DMSO, then 10 µL of the compounds were transfered to a new 96-well plate as the intermediate plate, and 90 µL kinase buffer was added to each well. Five microliters of each well of the intermediate plate was transferred to a 384-well plate. The following amounts of enzyme and substrate were used per well: kinase base buffer, FAM-labeled peptide, ATP, and enzyme solution. Wells containing the substrate, enzyme, and DMSO without compound were used as the DMSO control. Wells containing just the substrate without enzyme were used as the low control. The compounds were incubated at room temperature for 10 min. Ten microliters of peptide solution was added to each well and incubated at 28 • C for a specified period of time and the reaction stopped by 25 µL of stop buffer. Finally, data was collected using the Caliper program, which converted conversion values to inhibition values.
Percent inhibition = (max − conversion)/(max − min) × 100,
where "max" stands for DMSO control; "min" stands for low control.
Conclusions
Taken as a whole, two novel series of diaryl urea derivatives were synthesized and evaluated for their cytotoxicity against four human cancer cell lines (H-460, HT-29, A549, and MDA-MB-231). Our strategy that 4-aminoquinazolinyl moiety was incorporated into the diaryl urea scaffold conveyed cellular potency and resulted in analogues 5a-i demonstrating excellent activity in the single-digit µM range, superior to sorafenib. The preliminary SARs showed that electrophilic groups on terminal phenyl ring and steric hindrance in ortho-position were beneficial to improved antitumor potency. The exploration of detailed SARs led to the identification of EGFR inhibitor 5a as a valuable lead, which possessed prominent activity both in cellular (IC 50 = 0.15, 0.089, 0.36, and 0.75 µM, respectively) and enzymatic assay (IC 50 = 56 nM against EGFR). Further optimization and investigation based on these structures are in progress.
